INTRODUCTION
Conformational diversity of the DNA helix appears to be used quite extensively by living organisms with regard to protein-DNA recognition and thus DNA function (1) . In several cases DNA recognition by proteins seems to rely heavily-if not entirely on DNA conformation and flexibility as opposed to base sequence per se (2, 3) . It is therefore of significant interest to be able to analyse DNA helix conformation in solution at the nucleotide level. Although it has been shown that molecular probes, such as FeII/EDTA (4), Cul/phenanthroline (5) or Tris-phenanthroline metal complexes (6) can be used to study special DNA structures, up to now only DNase I has been used as a general probe for DNA conformation (7, 8 
MATERIALS & METHODS
The plasmid pPK201/CAT (10) Na-acetate, pH 4.5 and analysed by gel electrophoresis in polyacrylamide/urea sequencing gels. Radioactive DNA bands were detected by autoradiography (Agfa curix RP1 X-ray films exposed at -70°C using intensifying screens). Autoradiographs were scanned at 550 nm using a Shimadzu CS 930 densitometry scanner equipped with a DR 2 recorder.
RESULTS & DISCUSSION
We have previously found that uranyl salts induce DNA cleavage upon irradiation with long wavelength ultraviolet light (12) , and that positions at which the backbone phosphate is engaged in protein contacts are protected from cleavage (9, 12) . From these .::) 1990 Oxford University Press . and other results (Nielsen, et al., in preparation) we infer that uranyl-phosphate complex formation is a prerequisite for DNA backbone scission, and that the photocleavage is due to photooxidation of the proximal deoxyribose. When performed in Tris (or Hepes, Pipes, phosphate, formate) buffer, the uranyl mediated DNA photocleavage is relatively sequence neutral (9, 12) . The special conformation found in bent DNA is, however, recognised by uranyl giving rise to a modulation of the cleavage intensity very much like the one obtained by FeII/EDTA cleavage (Fig. la, lanes 1 & 3) . The cleavage is stronger at the 5'-end of the A-tract and is weakening towards the 3'-end. However, when the uranyl photocleavage la, lane 4)-now showing the stronger cleavage at the 3'-end of the A-tract-and an increase in modulation amplitude is also observed (see also Fig.lb) . Since the Fell/EDTA cleavage remains unchanged under these conditions (Fig. la, lane 2) , we conclude that the DNA conformation is also unchanged and that it is the uranyl-DNA recognition which has been altered in acetate buffer. The modulation is lost when denatured DNA is photocleaved or when the reaction is conducted at 80°C (Fig.   la, lanes 5 & 6) , showing that the modulation is caused by structural features of the double stranded DNA.
There is compelling evidence from X-ray crystallography studies that AT regions in DNA have a narrowed minor groove (13) (14) (15) , and calculations show that this results in a deep electronegative potential well (16) , which may explain the preference for binding of cationic minor groove binders (e.g., distamycin or netropsin) to AT-rich sequences (17) . In order to test whether these special properties of AT-sequences are connected with the conformation dependent uranyl mediated DNA photocleavage, we analysed a DNA fragment from pUC 19 which we have previously shown to contain multiple binding sites for distamycin (18) . The results (Fig. Ib) show that the AT-rich distamycin binding sites correspond to the regions which are also preferentially cleaved by uranyl. The maximum of the uranyl cleavage is, furthermore, found at the 3'-side of the AT-region with a 2-3 nucleotide displacement between the two DNA strands (Fig. 2a) which on a three dimensions model corresponds to strongest uranyl attack-and thus presumably largest electronegative potential-in the minor groove at the center of the AT-region (Fig. 2b) .
Above we have shown that uranyl mediated DNA photocleavage is a sensitive probe of DNA conformations of ATrich sequence. In order to study the generality of this DNA conformation probing, we finally analysed the internal control region (ICR) of the Xenopus 5S RNA gene. Previous results using DNase I probing have shown this DNA to have an approximately 5 base pair modulation of minor groove width which is proposed to be part of the recognition mechanism for binding of the Znfinger transcription factor IA (8) . We asked the question if variations in minor groove width also in this case could be probed by uranyl photocleavage and thus presumably is accompanied by a larger electronegative potential. The results presented in Figs. Ic & 3 clearly show correspondence between the cleavage modulation obtained by uranyl probing and that previously published by DNase I probing. Complete correspondence would not be expected since DNase I cleaves DNA at reduced or vanishing efficiency both when the minor groove is wider than average B-DNA (e.g., G/C rich regions) and when it is unusually narrow (as found in runs of A/T's). Thus from a DNase I experiment it is not possible to correlate the DNase I cleavage probability to groove width but only to changes in this. Conversely, based on the above results, we believe that the uranyl mediated photocleavage of DNA (in acetate buffer) reflects minor groove width more directly being more efficient at regions having a narrow minor groove. The results also suggest that the mechanism of differential photocleavage is due to the electronegative potential of the minor groove and that a narrow minor groove, in general, is accompanied by a relative increase in electronegative potential.
Returning to the uranyl mediated photocleavage of bent kinetoplast DNA, these results (Fig. la) DNA are characterized by a minor groove that narrows from the 5' to the 3'end (4, 19) , and since we find that the uranyl photocleavage of these sequences is most efficient at the 3'-end of the A-tract, the two probing methods yield concordant results.
(These results will be discussed in detail in a subsequent publication). At present we do not have an explanation in molecular terms for the shift in phase observed upon uranyl photocleavage of kinetoplast DNA in Tris versus acetate buffer, but it is most likely due to the different uranyl complexes formed in various buffers. It could be that in buffers that form strong complexes with uranyl (Tris, Hepes, phosphate etc.) the 'active' uranyl complexes are too large to enter the minor groove and therefore two competing, opposite forces will be operating, one of electrostatic attraction and one of steric hindrance.
In conclusion, we have presented evidence that uranyl mediated photocleavage of DNA is a sensitive means of probing DNA conformation in terms of minor groove electronegative potential/minor groove width. We foresee that this method will be valuable in the study of DNA conformation/function relations, and we are currently analysing a series of prokaryotic promoter DNA sequences by this method.
